










































How to get a PhD in AI
Citation for published version:
Bundy, A, Ben, DB, Jim, H & Gordon, P 1984, 'How to get a PhD in AI'. in T O’Shea & M Eisenstadt (eds),
Artificial Intelligence Skills. Harper and Row.
Link:
Link to publication record in Edinburgh Research Explorer
Document Version:




Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.
Take down policy
The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.




ﬀﬂﬁﬃ! #"%$& (')+*&"%,- #'$#"%./$0ﬁ1ﬃ-)2*&3/4576ﬂ.98%,


















 ﬁﬀﬂﬃ  !
" #ﬀ%$'&)(+*&)ﬁ,,-ﬀ.(0/1$1(22*ﬁ&)0354ﬁ2ﬀ76 438 9
: 6ﬁ2ﬁ;<3=0& 3>$'?2/@0AﬃA/B(&.$1(C2*&)03D42ﬀE6 43ﬀ+;0ﬂ F
G
~ s H9i-pJI!rkKob2gML i9zcpf NMN'NMNMNONMNMN'NMN'NMNMNONMNMN'NMNMNONMNMN'NMNMN'NMNONMNMN P
G
~ l QX_-k2k





















~ u %w/b i!d
a|yI_-zU_prq+a a[N'NMNMNONMNMN'NMN'NMNMNONMNMN'NMNMNONMNMN'NMNMN'NMNONMNMN v
G
~ sﬂ\]Q g=b2i2f/i-pri^K9qjf/i<gha k2i9bHo_-!gx_b2gha a_NMNMNONMNMN'NMNMNONMNMN'NMNMN'NMNONMNMN v
G
~ s9sX@2gxf!aUi I9g=z}qjzi9d2bgaHk2i9b%_1` d
a bcba0=_-bcri9kcNONMNMN'NMNMNONMNMN'NMNMN'NMNONMNMN u
! $O28edfﬁ(A?(0*ﬃd 0Ahgi4<& 3jAJﬀ k
m
~ s Q g=k/bD_p(Hbbcrbd
f/g NMNMN'NMNMNONMNMN'NMN'NMNMNONMNMN'NMNMNONMNMN'NMNMN'NMNONMNMN u
m













~  X@2g=i!zg=pmIkqI/q NONMNMN'NMNMNONMNMN'NMN'NMNMNONMNMN'NMNMNONMNMN'NMNMN'NMNONMNMN sﬂ\
m
~WP r]gh_-z@i RDmts+ei<acd2zguNMNMN'NMNMNONMNMN'NMN'NMNMNONMNMN'NMNMNONMNMN'NMNMN'NMNONMNMN s9s
9 vwﬁ(ﬁ()x;ﬁ*7ywﬀ2ﬀq0& d^z$'&)({2ﬀd  +
F yﬀ|Cﬀ}0& df~Zﬀq ﬁ(<3=(A?(0*+8 "
P2~ s H9bD_K9gs NMN'NMNMNONMNMN'NMNMNONMNMN'NMN'NMNMNONMNMN'NMNMNONMNMN'NMNMN'NMNONMNMN shl






P2~ m H9bD_K9g|m NMN'NMNMNONMNMN'NMNMNONMNMN'NMN'NMNMNONMNMN'NMNMNONMNMN'NMNMN'NMNONMNMN shl
P2~  H9bD_K9g  NMN'NMNMNONMNMN'NMNMNONMNMN'NMN'NMNMNONMNMN'NMNMNONMNMN'NMNMN'NMNONMNMN shl
P2~WP H9bD_K9gP NMN'NMNMNONMNMN'NMNMNONMNMN'NMN'NMNMNONMNMN'NMNMNONMNMN'NMNMN'NMNONMNMN s
G
P2~YT H9bD_K9g'T NMN'NMNMNONMNMN'NMNMNONMNMN'NMN'NMNMNONMNMN'NMNMNONMNMN'NMNMN'NMNONMNMN s
G































_-z}bg=k/bD_pL i9z!kKjyI_-eg=zDa N'NMN'NMNMNONMNMN'NMNMNONMNMN'NMNMN'NMNONMNMN s=m









































ﬀﬂﬁ1ﬃ9 #"%$& (')2*0"%,- #'$#"%./$&ﬁﬃ-)2*&3/4576ﬂ.98%,ﬃ9 (' :x.<;='.< ?> ﬁ./BDC4 
G%K&4W V2,-; W}4./ IP , &;U$(ﬃ9;U)Y2* Y-Z<Z

	








































a ghftbiX_9acR1i9zx}p_-zcba0=_-bcri9ki RHb2g b2gha a=IaciMb}2go_rkSw2d2zDf/g=k#iR_!aacghaac g=k<b





















































f e2zgha g=k<bcrkK b2gzghacd/prbDai R /azghacgh_-zU2gharkX_
Uzcrbc=_p _-k
f a2i p _ zcprqoH_q9~
1 xX@2gxb2gha  a%d
acb%w
g_-k i9zcJK-rk




gUp f i Racb}d
f/q _ k
fUi!k<bD_ k/rkK
o_-bg=zc_p @i9z}b<q i RHe2d2w/p  =_ bcri9kHac2i- _9f/g-!d












gUpf& Ui9k/bD_rk o_-bg=zc_pIH/}e2z}ghacg=k<bUa|_ d2k/ba
ghfXw
i2f/q













































 a zg-9d/rzghf R1i9zH_9f/g-!d
_-bgbzgh_ bg=k/biR b2gb}2gha aHbi!e/ -~
~J$Aﬁ'ﬁﬀﬂﬃl
X@2gOK9zi9d2k





















i R z}gUp _ bcrkKj<k2i-@prghfqK9gi RIe
_-zbcUd/p_-zbi!e/ =a%b}ib2gw2zi<_9f/g=z a
gUp f i Racbd
f/q
kqI9i-pJI9ghfS_-k
fSi RHe2zgha g=k<bcrkK#a d
S<k2i-@prghfqK9g rk?_ Uzcrbc=_p _-k
fSa}2i-p_-zcprq
 _q9~
1 xX@2g|b}2gha a d
acbw
g_-k i9zcJK-rk
_p0@i9z} Ui!e2zca rkKo_xa}_-bcaBRT_9Ubi9zqﬂzghUi9zDf i R
zghacgh_-zD}Md2k
f/g=z}bD_-9g=kXw/qjb2g=_-k
f!f2_-bg9&i9z_oa}_-bcaBRT_9Ubi9zqMUz b  =_ pacd2z I9g=q
i RH<k2i-@prghfqK9g rkb2g _ e2e2zi I9ghfa
gUpfSi R acb}d
f/qe a 2i Ui9eg=bg=k
Ug rkb2g








Ug#i R_ e2e2zi<_9}?i9z e2zghacg=k/bD_-bcri9k%w
g





































bg=zc_pH@i9zb}<qXi R|e2z}ghacg=k<bU_-bcri9kIacdK^K9gha bDa_a  e/pg zd/prgji R|b/d2w(~XTbac2i9d/pfSwgMe
i/aa rw/prg
bitf!acbc p1Rzi! b}2gjb2gha a=@_Xe
_-e
g=z i!zb/qti R|e2d2w/p =_-bcri9k rk _`ci9d2zk
_ p ~zX@/aﬂa k2i9b_-k














_-bcri9k(~.Q i<acb'QS~ yI/ pT~ b2ghacgha 
_ﬂI!gwg=g=k _ zghUi9zDf i R
zghacgh_ zDjzU_-b2g=z@b
_-kj_Uzcrbc=_p a d2z I9g=q92w2d2bHb}2gHp_-bb}g=zH@i9d/pf w
gxei<aa rw/prg9~K<_ k rb|a 2i9d/pf
w
g e































































































f/g=k/bDa	rk |zb  a0}_p( k<bgUp p JK9g=k
Ugx
_)I9g%acd2w2rbbghf b2gUrz





















































Ugﬂi R_)I9i  f!rkK b2g=M~1H9i9 ge/b R _p pa_-zgf/ghaUzcrw





f/g=k/bDae/ } zghacgh_-zD}K9i<_paI/ }M_-zg	RT_-z@bi<i_-w/rbcri9d
a=~ X@/aae
_-zb  Ud/p_-z pq gh_9acq







a prqb2gXo_rk w2d2zUf/g=k i Rx2gUpre/rkK q!i9d 2i/i<acgX_acd/rbD_-w/prgtbi9e/X  p pMRT_p pxi9kq9i9d2z














  !#"$%"'&(ﬀﬁ) *+",-.
%_ﬂI!rkKo}2i<acg=k_ bi9e/-2H
_-bHf/iq!i9dMf/ik2gŁs2b jTb@ak2iwK9i/i+fja rbb kK rkMq9i!d2zHzi/i9@rb_























_ ghfji RIq9i9d2z  f/gh_!a=~
Hb2g=zHe
g=i!e/pg a|_-z}gxa  p p rg=zh~
 ).X _9}!pgH_ﬂa re/p  a






g=zh~@ o_ K-rk2gﬂq9i9d2zDacgUpbR gŁs2e/p_rk/kK q9i9d2z



















f q9gh_-zDaH_ b|_bg=z k
_ pf/g=w2dK^K kK q9i9d2ze2zi
 
K9zD_ oaH_-k




i<acghf i!z _ﬂk/Ugi9d2be2d2b K9g=k2g=zU_-bghf&~ X@/aa p pd
a i9zq  UIi9d2z@e2zifK9zD_-
d
acbw
g gŁs2e/p _ k
_ w/pgM_ bx_j/JK92g=zprg2I9gUpHb
_ k Ui2f/g9=Ri!z%bﬂbijo_-!go_ zgh_pUi9k/bzcrw2d2bcri9kSbi



















f rb@aHq!i9d2z RT_-d/prb o bzq 
_-zDf/g=zh~
 	  
 %$+ﬀ "$%" ﬁ
bg=z k
_ p0=_9acg iRﬃ	 Ui9e2d2bg=z	w2d2>a	bihK!g=b(rkqI9i-pJI9ghfﬂrkHzcrbcrkKq9g=bI_-k2i9b2g=z	e2zi^K!zD_-rkK
p_-kK9d




























_ K9g%q9i9d Hzcrbg ok2i9b g2I9g=k q9i9dﬃjUIi9d @ p p(
_)I9g|a e
g=k/b _ p p&q9i9d2zbcrg|i!kb2g
p_-kK9d
_ K!g _ k











xRIq9i9dMf/i _K9i/i+f g=k2i9dK!f/g=i-p rbcri9k`ci9w(/g=k2
_-k
Ughf p _ kK9d
_ K9gha@  p p ace2zcrkK d2eji I!g=zk/JK9<b~
ﬃﬂ !#  " !# +ﬀ %$ )
 _ b2g=zcrkK|gŁs2e
g=z  g=k<bD_ p0f2_-bD_H=_-kwg R1d2k_ k






_-b@}p_9aai R(zghacd/prb@q9i9dj_-zg|_ bbg=e2bcrkKbiﬂghacbD_-w/p acj@rb q9i9d2z
gŁs2e
g=zcrg=k/bDa=~
 _| X _pr bieg=i9e/prg9
gŁs2e/p_rk
_-b@q9i9djb/rk2jq9i9d2zgŁs+eg=zcrg=k<b%JK9/b|ac2i-x~














_prq+a  a ~
l
i!k b9g=g=ezd2k2k/rkK#gŁs2e
g=z  g=k<bDa rkb2gj2i9egMb
_-baci!g=b/rkKt@ p p
bd2zkjd2e(~
















f ac9r kK e
_-eg=zDa=~
ﬃ. !# $ﬂ%+ﬀ$ ﬂ0/ +%%$






















|%aRd/p pHi R5` _ z K9i9k%bzqXbijz}g=e22zD_9acg q9i9d2z%f/gh_9aﬂd
a rkKXi9zDf!rk
_-zq







Ł/ 7d ﬁ; 3=(JJJEﬂ& jJ0A
Hk
Ugq!i9d
_)I9gacg=g=k b2ga i-prd2bcri9k?biS_te2zi!w/pg= rb
_-e2e
gh_-zUaIbzcJI!_pT~ X@2g=krbIabg=e2b kKﬂbixa_q 	 b






























irbHb}2gxa re/prghacb|H_qq9i9dM=_-k(~ |==_- H_9ae
g=z R1ghUbcprq
zcJK9<b~
  $  ﬃ0
#$ ﬀ" ,0	




e2zi9eg=zbcqji R rk/bgUp p YK!g=k
Ug9Ig9~ K


























Ub|w2d2bxf/i k2i9b|_ e2e/pq b2ga_-g
acbD_ k
f2_-zDf2aIb}iq9i9d2zIrk/rbc_p _-bb}g=e2bDa=-i9zq9i9d _hqﬂk2g2I9g=z K9g=ba bD_-zbghf ~
l


























a pq9]i R _xacd/rbD_-w/prg_-e2e2zi<_!b}ib2gHe2zi9w/prg=.caŁIw
gUrkKbD_9}9prghf&~	Tk b2g





a=	o_ k<qXi R@H/S@ p p acg=g= i9d2bzD_ K!g=i9d
a%i9z2i9egUpgha}a prq













 i R b2gRi9z}o_-bcJI9gﬂe
g=zcri2f
R1i9z q!i9d2zIi-Hkg=b2i2f/i-pri^K9qaIaceg=k<b


















_-zDf @i9z&2@ p pg=g=z K!gxq9i9d2z%@i9zcpf
I!g= i9kM%_-k






aN!d/rbgHp r9gUprqbi pri<i9 I9g=zq p _ z K9g@rk q9i9d2z	p bRgf/d2zcrkKb2gHe
g=z i2f i R0q9i!d2z e2zif` ghUbh9_ k
fH2g=k




i RIp bRg_-b pg=kK!b(~|{@gha bzD_rkXq9i9d2zDa gUp R
 
b2gxgŁs















Ugji RHq9i9d2zﬂb2gha a=~XxR%q9i9d2zI9rg= aaci
@ pf!prqozD_!f! =_ p b}




f!kK b9rbo_qwg a p JK9/bcprq
acd
aceghUbh~
	 ) ﬂ $  -.ﬀ( ﬀ   $ $ "$ 	  "+	
Tkb2g@Ui9d2zDacgi R2q9i9d2z	e2zi^`cghUbhq9i9d@ p p0Ui9gbi|Ug=zbD_ kwgUp rgŁRTa _-wi9d2b	bgh2k/=_p/aacd2gha=/aci9g
i R(H/}j@ p p	w
g%k2i I!gUp 2_-k
























f gŁs]_- k2g=zUa_-zg=k b
e




Ughf i R _-k  f/gh_
 
b2g=q_-zg












gŁR1i9zgq9i!d =_ k f/g=bU_9Xq9i!d2zDacgUpbR acdj}g=k/bcprq
bi Hzcrbg_zgh_!aci9k2ghfXacd2e2e
i!zbhR1i9z%b2gf/gh_2&e
_ zbcUd/p_-zcprq  RrbHa%q9i9d2z%i-Hkjf/gh_j_9ai9e2ei<acghf
big=k/b/d

















acq22i-pri^K  =_ pf!
 Ud/prbcrgha _9ai!b2g=zUzgh_-bcJI9g g=k
f/gh_)I9i9d2zDa
acd
}o_9a	Hz b kKﬂk2i I9gUpaI_-k
fe/p_q+a	i9zIe






    %ﬂ
















_ p rbb pg g2K9i9bcac 1UIi9dXd
acb%w
gUp rg2I9gb
_ b|b2ge2zi!w/pg=q!i9d_-z}gbU_9!p rkK  arei9zbD_ k<b_-k
f
b
_-bq9i9d2z Ui9k/bzcrw2d2bcri9kjb}ib2g a i-prd2bcri9ka@a JK9k/ba0=_-k/bh~ Hb2g=z}@acg9/2i _-zgHq!i9dbiOK9g=k2g=zD_-bg






Uga%bije/}t_ zghacgh_-zD}Xbi9e/q9i!d =_ ktw
gUp rg2I9g k  acg=g








     $ ." ﬀ  ' )  $. 
r2i!z _-k<qXeg=i9e/prg9@zghacgh_-zD}Se2zi-gha}a%aq9g=b_-k2i9b2g=zI!z  p rbcq?acq/wi-pT~t^(_9}ti R a d
=Ughaa_-b
zghacgh_ zD aj_9=Ui9e












Ug92zghacgh_ zD  e
i9bg=k
Ug%a@_xa gUp R=Rd/pba2p p k+Koe2z}i9e22ghUq9~
l
i9d2w2bDaI_ w
i9d2bq9i9d2zIi-Hk_-w/ p bcqo=_ ke2d2b q9i!dxrkj_	RzU_-g@i R0 k
f H2g=zgb2g|f/ghf!=_-bcri9kj_-k
f





i!zD_-bgha=~1X@2gH_hq i9d2b%i R b/a1I! }ri9d
aﬂ}rzD}prg
abi zgh_p acg b
_-b%zghacgh_-zUt_-w/ p rb qSf/i<gha%k2i9bxf/g=eg=k
fti!k a i9go_ K-gha}acg=k
Ug9~Tb%ax_ja 9 p p
H/}#=_-kXw
gﬂprgh_-zk/bhp r9go_-k/qMi9b}2g=zh~1UIi9dXbi<ij=_-ktf/iji9zcJK-rk










ﬀ 0  %$ )
Ltgj_p p a
k
fUzcrbc} a  




_-zgbi o_-!ge2z}i^K9zghaarktq!i9d2z|z}ghacgh_-zD}tq9i9d @ p p
_)I9gbi prgh_-zkXbiMacg=g=Xi9d2bUzcrbc}ac7_-k
f





fkqI _ p f













_)I9g%biﬂpgh_ zkjbibD_ 9g a i9g%<k2i22aIz}g ` ghUbcri9k
a Rzi!c`ci9d2zk
_ p a2zi9dK9







f/q b2gﬂp JI9gha i R RT_-i!d
aa}rg=k<bcacbUaq9i9d
@ p p acg=g%b
_-b@o_-k/qi R b2g=
_9f big=k







aH2g=zgq9i9d2z RT_rb rkMq!i9d2zDacgUpbRI@ p pIw
gﬂbghacbghf b}ib2g1R1d/p pT~













s!~hQ_ 9gq9i9d2zDa gUp R_ zg2K9d/p_-z%@i9z!rkK a}2ghf/d/prgo _-k




























_ zD_ K9zD_ e2jH/Xa%zi!d2bcrk2g'R1i9z
q9i9d i9z|_f!_ K9zU_- biof/zU_hﬂ~






i9d2bh~ UIi9d o_qzK9g=bM_ 
_-k29g=zcrkK Ri9z b2gt g=b2i+f/i pifK9q?q9i!d @g=zg w2zi9dK9/bjd2ei9k(~ r2i9z
o_-b}2g=o_-bc}_-k
a b/a JK9<b w
gXb2g pri9kK-rkK?bi e2zi I9g}prgh_-k(%}pgh_ zjb2g=i9zg=oa#ob2g=i9zg=
g=kqI<q9~r2i9zﬂg=kK-rk2g=g=zDaﬂb/aJK9/bxwg aUz}g=|f/zcJI9g=zxg=kqI/q9 g=bU-~ogH_-zq Hk/prqtbzqXbije2zi I9g






















aﬂbi bghacbrbﬂw<qte2z}i I!rkK_ b2g=i9zg=M	Hz b kKt_
e2zi^K!zD_-M2gŁs2e/p_rk/rkKjrbbio_#Rz g=k
















bij_p p q!i9d2z|e2z}i9w/prg=oa%rkXb2gf2f!prgi R b2gk/JK9/bh&g2I _-ei9zD_-b}grktb2gUi-pftf2_Hk(~
S
i!d2zD_ K9g












































_-z}bg=k/bH@ p p rkKjbi acd2e
g=z I!acgrbh~
X 2gMrei9zbD_ k
Ugti R s!~ =_-k2k2i9bjw




















_-k#_ aco_p p|}<d2k2Xi R@rb2D~j bx@ p p|_paciX2gUpretbR|q9i!d#2i/i<acgj_-k#_ zgh_jH/}#d2b  p  /=gha
q9i9d2z%_przgh_9f/qje2zi I9g=kM_-w/ p rbcrgha=(g9~ K

















%_)I9rkK?}2i<acg=kb2g-K9g=k2g=zD_ p _-z}gh_ti9zje2z}i9w/prg= q9i9dH_-k<b biS@i9zi9k(q9i9dd
acbob}zq
biXf/gŁa





















fi I9g=zgha bcro_-bg@b2g|f/i/_-w/ p rbcq
i RIe2zi^`cghUbDa o$9d/rbgﬂi+f/gha b aci!d2k
f!kK e2zif` ghUbDa e2zi I9g
_-zDf/g=zHb}
_-kjb2g=q pri<i!0~	H9i f/i p acb}g=k
biﬂq9i9d2zHacd2e
g=z I9aci9zUaH_9fqI! Ugx_ k
fof/i9k b RT_p p&rk<bi"	 a i-pJI9rkKb2g%@i9zcpf&r/acbD_-k
f2_-zUfe/rb RT_p p k2i
~@s9~
%g=b q!i9d2z acd2e







































_9f zghacgh_ zD(2_-z}g e2z}i^K9zD_- aIH/}Mf/i _ﬂbD_!ac









































Ubcri9k2_-e2e2zi/_9 ai Rb}g=kwR1zd/rb R1d/p pT&a rk




















_-zcri7oT~ g9~ _a}_-e/prgti9d2be2d2bj/ } @i9d/pf ac2i- b
_-bjq9i!d2z Ui9 e2d2bg=z





_ K!gM_ta_-e/prgXf! _ pifK9d2gk I9a ri9k b2g



















_ k/ a oa
gŁs
Ug=e2bbii I9g=zDUi9 gxe2zi9w/prg=oab
_-b_-zgﬂk2i9bUg=k<bzU_p bib}2gxaa d2gq!i9d_-z}g_9f2f/zgha}a rkK
~JŁ%acg
gŁs/ a bcrkKM%|gh}








































Q i+f!bR1qq9i9d2ze2zi^K9zU_- d2k/bc p&bazi9w2d
acbDo ~ g9~ z}d2k









_-bgXq9i9d2z e2zi^K!zD_- w<qbgha bcrkKSbji!k aci9 ggŁs
_-e/prgha=~ ,%g=g=e a bD_-bcacbc=a i9k rbDajacd

 
Ughaa CR _ prd2zg_-k
fM_-k
_ pq2acgx_-k/qR _ prd2zghab
_-bHi2=Ud2zh~ yzghacg=k/bHb2ghacg1a
k




















fX  p p@bD_-9g pi!kK9g=zb
























ghUb%biof/g2I9i!bgx_ p _ z K9gxe
_ zb@i R q!i9d2zHzghacgh_ zDM=_ zg=g=zHbi
HzcrbcrkKb2g=M~jLtz b kK e
_-e
g=zDaab2g%o_rkoH_qxiR Ui9d2k/=_-bcrkK@rb b2g|z}ghacb i R(b2g%%
@i9zcpfj_-k
f b  a%_pacio_#K9i<i2fI9g=/}prgORi9zH}p_-zcbR1q9rkKM_-k
fjf/g=w2dKfK-rkKjq9i9d2zf/gh_9a=~






























i<a gi R gh_9}#acg=zcrgha=~ﬂ%kMrkqR1i9zo_ pacbD_-bg= g=k<bhk2i9b
k2ghUghaa_ zc pq d2ejbiof2_-b}g99a	K-JI9g=kMwgUpri ﬂ~
UIi!d?ac2i9d/pfo_ 9gjHzcrbcrkK_Mz}g2K9d/p_-zoe
_ zbi R q!i9d2zp bRg9~ ,%g=g=e?zghUi!zDf2ai Rg2I9g=zq/b/rkK
q9i9dSf/izk2i9bgha i RHf/gh_9aﬂq9i9dt
_)I9gf/i+Ud2g=k/bD_-b i!k#i RHe2zifK9zD_-oa(prghUbd2z}gok2i9b}ghaIk2i9bgha i9k
e
_-eg=zDaq9i9dSzgh_9f&~-X@2ghacgMa g=z I9gjacg2I9g=zD_pHe2d2zei<acgha _-k_fSbiXq9i9d2zx g=i9zqz q9i9dS@ p p%w
g






f _-zgHaci-pJI9ghf _9a	q9i9d bzqbigŁs2e/p _ kjb}/kK/aIbiﬂq9i9d2zDacgUpbR _-k
fi!b2g=zDaŁ
_-k





_-bIq9i!d'a2prg%b2g= a i9g=H2g=zgq9i9d=_-kzghUi I9g=zIb}2g=M~	Ie
g=zDaci!k



















 "$ﬀ ) ."$   $ +"$ﬀ  "  +ﬀ$
X@2ghacgj_-zg e





gXe2zi9i!bghfSbitb/a =_-bg2K9i!zq%R1zi9 b2gMi9b}2g=z =_-b}g2K9i9zcrgha_)R1bg=zjacd2w2aa ri9k(~ZX@/a
_-zzU_-kK9g=g=k/b g=k
Ui9d2zU_ K9ghagŁs+b}g=zk











 "$ﬀ ) ."$ ) ."  ﬃ%  "  +ﬀ $ &(ﬀ) .ﬀ(
	 + " $ ﬃﬁ"$










 "$ﬀ ) ."$ 





_-zb}g=k<b9g2Kxe2z}i^K9zD_- rkKxe2zcrg=zDa < _-k<d
_ p a_-k
f













 "$ﬀ ) ."$
 










`cghUbDa1 QEH<%i9zH%|s  lq _-k
fjb}2gha aHe2zi!e
i<a_ p a ~
.-ﬃﬂ
 




k/ a 2ghfti9zrkte2zi^K!zghaa=~MUIi!d a 2i9d/pf
k2i9bﬂw











f prg=b%q9i9d <k2i- b2gwg=bbg=z	Ri!zq!i9d(~












_)I9g|aci!g=b/rkKi!zbe2d2w/p  a /kK gŁs+bg=z}k
_p pq q9i9d
ac2i9d/pf acd2w2rbH_e
_-eg=z bi_ ` i!d2zk
_pT~
S
2i/i<acgHi!k2g Rz}i9 b2g p acbrkjacghUbcri9kMs9s!~  koe2z}g=e
_-zcrkK
b2gje



























acd2eg=z I9aci!z _-wi9d2bHb2gha ge
i-rk/bDa=~
UIi!dM@ p pacd2w2rbacg2I9g=zD_pIUi9e/rgha%i R b2gxe
_ e
g=zbib}2gh`ci9d2zk








oq!i9do  p p(w
grk.K9i/i+fUi!e












zDacb@bD_ 9g%rk<bi _9=Ui9d2k/bHb2i<acgxUz b  }ac a%q9i9dMUi9k
a f/g=z1I _p f&~
.-ﬃ.
 
 &(+ﬀ.   ﬀ  +.ﬂ	$



































Ug @ p p@w
gwI!g=zqI-_prd




















X 2g=zg a_-K9i/i+f7K!d/ f/g bitacbcq9prgM_-k
fSe2z}ghacg=k<bU_-bcri9ki R a}}g=k/bcba0 e
_-e
g=zUaﬂrk  i/i9bﬁT  ~
gUpeqR1d/p&rkqRi9z}o_-bcri9ko_ w














d2zcrkKSb2gUi9d2zUacgMi Rxq!i9d2zzghacgh_ zD e2zi^`cghUbq9i!d@ p pxk2g=ghf bi HzcrbgM _-k<qf/i2Ud2g=k<bUa
_ b2gha aﬂe2zi9ei<a_p|_-k











_p prqMb2gb2gha  a rbDacgUpbR~hX@2gxacbD_-k









acgi RIzg `cghUbcri9k rk
_p p b2zg=g=_9a gha=~x w
_9f!prqXHzcrbbg=kXb2gha a  a%k2i!bd
acd
_p prq _j=_ d




f/ghacbzi-q!rkK f/gUp_q2a / prgrbIazg=Hzcrbbg=k _-k
fzg=gŁs




f q9i9d2zx@i9z}0~ ba=(b}2g=zgŁRi!zg99!d/rbgrei9zbD_ k<b
b
_-b@q9i!d pgh_ zkMbi Hzcrbg@gUp p ~ X@/aHacghUb i!kUi9k/bD_rk
aHaci!gbcre
a|_ k

















g=z P-m  _-k
f Ri9zgŁs2e2zghaa kK
q9i9d2z  f/gh_!aHbi_ﬂp_-z K9gx_-d
f!rg=k




























































 X@/rk2 i R q9i9d2z%_-d
f!rg=k
Ug_9ark<b}gUp p JK9g=k/bhw2d2bM _q
YK!k2i9zD_-k/b|_-k




































_-bh~	{@ghacg=z I9g@b2g@zgha bR1i9z _-k2i!b2g=z e
_ e
g=zh~	?z}gh_9f/g=z a 2i9d/pf

































gha bzcrbbg=k H2g=koq!i9d/k2i  H
_-b@ p p=Ri-p pri-x~ H9bD_-zbw<q f/ghaUzcrw/rkKb2g
Ug=k<bzU_p
f/gh_2/g9~ K

































































































f o_q k2i9bHwgxzgh_9f w/q gŁs+bg=z}k
_p gŁs
_-rk2g=zDa=~
X 2gMzg=o_ z+a w











zgUp_-bghfXbi b2g bi9e/-~ Tk
acbgh_!f&Ib2g=zgoa 2i9d/pfSw
gj_Ma rkK-prg ghaa_ K!g9 _ k
fXq9i9d#a 2i9d/pf
=_-zgŁR1d/p prq?Ui9k
a  f/g=z 2i gh_9}e
_-zbi R%q9i9d2zb2gha aUi9k/bzcrw2d2bgha biXe2d2bbcrkKti I9g=zb/a






g_9f2f/zghaa kKjq!i9d2zDacgUpbR bi zghacgh_-zU2g=zDa R1i-p pi-@rkK rkXq9i9d2z R1i/i9bDacbg=e
a 




a g=bbcrkK _ k
fj_}prgh_-z _ z K9d2g=k/bh~5X@2g=qj@ p p
_pacijw
gjUi9k






acd }rg=k<bf/g=bD_ p b}ias b}/ a@rb2i9d2bw
i9zcrkK b2g= zcJK-f&~TbaH_paci @acgbizg= g=wg=z
b
_-bzgha gh_-zD}2g=zDao_ zi9d2k
fb}2gM@i9zcpf  p p_paci e/p }rbcprq _-b pgh_!acbhHwgw`cd
fqK-rkKb2g
9d
_p rbcqji R b2gﬂd2k/YI!g=zDa rbcqM_-k
fji R b}2gf/g=e
_-zb}g=k<bH2g=kXb2g=qjzgh_9f q9i9d2zH@i9z&~ UIi9d2z
gŁs]_- k2g=zUa@@ p p wgxw
gh_ zcrkKob/a rkMrk
















































gx@i9z}b<qi RIe2d2w/p =_-bcri9k rk
_MUi9kqR1g=zg=k




















a acb%i R _OR1g= acg=k/bg=k





a%i R _ k _ z K9d2g=k/bh~'X@/aﬂ_-z K9d2g=k/b a b2g
ghaa_ K!g|i RIq9i9d2zb2gha a=~
 
m _9}tacg=k<b}g=k
Ug ac2i!d/p f i9d2bcp rk2gob2g Ui9k<b}g=k<bDa%iRa i9ge
_-zbh&z}i9dK9/prqt_M}
_-e2bg=zh
i R q9i9d2zb2gha a=~
 





f b2gH2i-prgxwi+f/qjiR q9i!d2zb}2gha a=~
 


















_)I9g@ f/i9k2g _ k
f"	 L<qf/i<ghab/ai!z
f/ghacg=z I9g_xf/g2K9z}g=gr~5UIi!d ac2i!d/p f k2i-?/k2i- 
_-b biﬂg=e2












_ b ac2i!d/p f w
g|f!aUd
aa ghfrk> z}gUp _ bghf@i9z&  ~















_9ﬂbixwi9bbi!d2e _9Ub YI!rbcq'ozg=@i9z!rkKb2g|gŁs/acbcrkKo_-bg=z  _ p /_-k
f
HzcrbcrkKk2g= o_-bg=zc_pT2b}i'R1d/pba2p b}2gxf/g=o_-k
f2ai R b}2g'	 ghaa_K9gr~
X`i-K-JI9gM_ 0_)I9i9d2zi R%b2g 	 ghaa}_ K9gIf/ghaUzcrw
ghf_-wi I9g9I@g K YI!g_-kSgŁs]_ e/prg.R1zi9 b2g
yI(~
l
































Ui9d2k/bg=zghf e2/ pi/aci9e2/=_p e2zi9w/prg=oa ~
G
~hX@2ghacgSe2zi9w/prg=oaX_-zi<a g#wgh=_-d
acgSb2g _ e2e2zi9e2zc_-bgSbg=z k2i pifK9q H_9ajk2i!b _)I-_ p _ w/pg9~
S
i9e2d2bD_ bcri9k
_p(bg=zrk2i-pri^K!qoi R1bg=kje2zi I!f/gha|_-kM_ e2e2zi9e2zc_-bgx_ k
_pri^K9q9~
m~@Hprb2i9dK!Maci9ge2zi!w/pg= a|acb  p pIzg=o_rk(2g9~ K
~=Rzg=gﬂ@ p p 
]~ Ltgx_-zgxacg=gUrkK b2gw










Ugha@b}2gK9g=k2g=zU_p0k2i9b i!koi R Ui9 e2d2bg=z@i+f/gUp p rkK _ k
f2i-rb@JK9/b@w
g



















f/g=w2dKjaci9gi R	b2gxb2g=i pifK-=_p f/g=w
_-bgﬂi R b2g p_9acbHbc@i p prg=k/_2~
S










































_pri^K9q rkjH/ b2gd2k/JI9g=zDacg aHacg=g=kM_9aH_ﬂe2zifK9zD_-










































b2g@f! jUd/pb gha@g=zg zD_  a ghfx_-bI_Hf/g=e
_-zb}g=k<bU_p 	 zgha gh_-zD}f!
 Ud/prbcrgha9 g=g=bcrkKHrkb2g
Ui9k/bgŁs2biR zgh_!f!kK 
_-w/rbDa=~@Hg=zg%a@b}2gzgUprg2I _-k/b!d2i9bg1R1zi9b2g k/d2bgha@iR b
_ b g=g=bcrkKz
	 {@gh_9f!rkKaIf!
 Ud/prb- X 2g|f!
 Ud/prb qacg=g= aIbif/g=e
g=k
f i9kb2g|acbU_ K9g iR _9=_9f/g=  
f/g2I9gUpri9e2g=k/bh~ITk/rbc_p prq ba
_-zDfb}ix/k2i 





































f.K9g=bb kK i9kj@rbjq9i9d2zi k(~














a acb@i R(i9b2g=z @i9z}i!k _-k





































a bzD_9UbDa ~(% _ w
acbzD_9Ub kK%
_9are2z}i I!ghfzghUg=k/bcprq9~ H9ghUbcri9kjs9s9~ m
Ui9k/bD_rk




acbzU_9UbDa=~	Tb  a%_K9i/i2f f/gh_
biMacg=b_9a f/go_-k 2i9d2zxgh_9}t@g=g=Ri!zMI9a rbcrkKXb2gp rw2zD_-zq biMac! b2gp_-bgha b_-zz YI-_pa=~%k
_prbg=zk












g=gxzi/i9 i9zUi9zz  f/i!z _-k







~ i+f/g=kﬁTfT T  L?rk
acb}i9kﬁT^T T   d2k









f aci9g@i!zg@bcrg9~ X@2g@g=b2i2f2a f/gha}Uzcrw
ghf#Ri9zIi!d2bg=z }rzD}prgx_-zgHacbc p p
_-e2e/p =_-w/prg9
w2d2bH_-z}g|k2i9bHacdj}g=k/b oq9i9d @ p pI_pacik2g=ghfbizgh_!foaci!gHe
_-eg=zDa@zcJK9/b@b2zi9dK9
_-k
f g=kK<_ K9g%rktaci9g%pri9kK!g=z Ui9kqI9g=zDa}_-bcri9k


















f/gŁs/kK a2g= ghI _prd
_-w/prg
2g=zg9~
  ' .ﬀ
 
	ﬀ ﬃ











i9d2b b~nX	_prXi9zxzcrbgbi / @rb_ p acbi R
!d2g=zcrgha _-k




a@bibzq bibgh_9} bbii9b2g=zDa=~ 
 
g=z|_acg=rk






















g=zj@ p p _-k







acg|b}/ abgh}2k/^9d2g%rk qe2zi^K9zU_-  
	 i- f/i/ghaI2g%bD_9}9prg%b2g

e2zi!w/pg=G 	  aIb}/ a@_9=Ug=e2bU_-w/prgx_9a _ ` i9d2z}k
_p _-z}bc}pgDG 	 i-?=_-k
@e2zghacg=k/bHb/af/gh_ biq }p_9a}a r~
r`rk
_p prq?f/i9k b w
g_ RzD_  fSb}i _!f/rbq9i9d2zJK9k2i!zD_-k


















_ p prqK9g=b|_R _ zHw
g=bb}g=z Rg=gUp=Ri9zH_e/rghUgi R @i9z}w<q



















fjzg=Hz b}bg=kMq9i!d2zHb2gha a%biq!i9d2z|acd2eg=z I9aci!zDaa_-bcaBRT_9Ubcri9k b2g=k
q9i9dt_-z}gzgh_9f/q biMacd2w2rbh~ TkqR1i9z b}2gR _!Ud/pbcq i Ugi R@q9i9d2z k/bg=k/bcri9ktbiMa d2w2rbh~ QX_-9g
shu
acd2zg b
















acd/prbq!i9d kqR1i9z _p pqS_-w






_ b Ui!d/p f bD_-9g
acg2I9g=zU_p(i9k/b
a o b2g%rk/bg=zk


















f!aUzg=bcri9k(~I bH@ p p




_ p gŁs]_- k2g=z _-k
f e
i/aa rw/prqtq9i9dﬁ
@ p p bzD_)I9gUp&d2eRi!zb}2g f2_q9~
l
zgha}aIa@k2i!zo_p&i Ug@gh_-zH_-k
f b2gi+==_!a ri9k a R _ z pq zgUp_)s2ghf&~
l














zi9dK!/pq i9k2gi R b}2g'R1i-p pri-@rkK
 _9=Ui!zDf!rkKMbij_jacg=bp acbﬂH/ o_qI _ zq_ p b}bcprgwR1zi9 bcrg
bib  g
s!~@ =Ug=e2bHb}2gxb2gha aH_!arb acbU_-k
f2a=~



















fzP _-zgI!g=zq#zU_-zg9~7UIi9d?  p pd
acd





_-b b=_-ktwgi I9g=zbd2zk2ghf w/qXb2gRT_9Ud/prb qXi9zxa g=k
_-bg
 _-k
f b}/ a a@k2i9bHd2k22gh_ zDfji R)D~
Ig=zUf! UbMl a bi_p pi-Ui9zzghUb i!k iRxb q/e
ifK9zD_-e2/=_pg=zzi9zUa=Hace
gUp p rkKacbD_-9gha @rk2i9z









_ bb}2gob2gha  aﬂ
_9aﬂwg=g=k
Ui9e/prg=bgUprqXUi9zzghUbghf _-k
fj  p p b2g=k rkqRi9z} b2gR _!Ud/pbcqjH2i @ p p e2z}i+Ughaaq9i9d2z%b2gha a%_-k
f
rkqRi!z q9i9djiR b2gMI!g=zDf!Ubh~ X / a o_qobD_ 9g a g2I9g=zD_p  i9k<b}
a=~



















a f/g=zghfja d/bU_-w/prgMR1i9z_-k.QS~ yI/ pT~r~5L g _-z}g|k2i9bHacd2e2ei<acghf bia_qﬂb  a@_Ui9k












f 1rkQS~ y/ p ~SUi I9g=zDa bU z}ghacd2w2rb_-k
fS






































_-rk2g=zDaﬂ@ p p _9acXq9i!d !d2ghacbcri9k
aﬂbiXbzqt_-k
fSa_-b  a Rqtb}2gUzf/i9d2w2bUa=~gh=_-d
a gji R






Ug9]b2g=qJK9/bHacbD_-zbIw/qo_9a 9rkKq9i9d bia d2o_-zcacgrkjq9i9d2z@i-Hk@i9zDf2aH
_-b@q9i9d
Ui9k
a f/g=z%biwgxb2gﬂ9g=q Ui!k<bz w2d2b i!k








g=z I!aci9zDa=_-k bzq bio_-k/bc}re
_-bgi9b2g=z*9d2ghacb i!k
a=





































bgUp p JK9g=k<bx_ k
fj_hH_-z}gi R b}2g% a}acd2gha@rkXq9i9d2z a




_-zghf b}ii I9g=zcpri<i!ork2i9z R _-d/prbDak b2gxb}2gha a=~
H-rbb kKX_I9JI-_ ax_ p rbbcprgp r9gjf/g=w2dK^K-rkK_ e2zifK9zD_-M~OX@2gb2gha a  a b2ge2zi^K9zU_-M&q9i9d
_-zg b2gje2zifK9zD_- g=zh	b2gMyI(~
l
~  QS~ yI/ pT~tacbD_-k






d2zcrkK#b2g-I!JI _Sq9i9d @ p p'K9g=b I-_-zcri9d
a g=zz}i9zghaa}_ K9gha=~
X@2ghacg ghaa_ K!ghaf/iMk2i9bk2g=ghf bijw








f!rkKwo w2d2bb2g=q =_ k2k2i9b@w
gJK9k2i!zghf&~Iaacd2gb
_ bgh_!jg=zz}i9zHghaa}_ K9g%@ p p	prgh_9f
biMaci!go_prbg=zD_ bcri9kXrk#q!i9d2zxb2gha  a ~. R Ui9d2zUacg9(q9i!dt2i9e
g b
_-bb}/ a @ p p i!k/pq w
go_ rk2i9z
_prbg=zD_ bcri9k(@w2d2bof/iSk2i9bprg=bob}/ a 2i9egw/p rk





iﬂk2i9b K!g=b_ K^K!zghaa JI9gHi!z f/gŁRg=k
a JI9g b}q9i9d2zgŁs]_- k2g=zUa=~5UIi9do=_ k2k2i9b
w/prd
fqK9g=i9k i9z|ac@g=g=bbD_ p b2g=rk<b}ie


































X@2gR1i-p pri  kK p acboUi9k
a acbUai R `ci9d2zk
_pa/k2i-HkbiXe2d2w/p ac|ﬂe
_-e
g=zDa ~X 2g kqR1i9z _-bcri9k
i9kSgh_9}-` i9d2z}k





f!rkK|	o_-b}g=zc_p0bi(-b2gHbcq<egHi R(% o_ bg=zc_p0/ } b/aﬁ`ci9d2zk
_p
_9=Ug=e2bDa ~ r]d2zb2g=zx_9f2f!rbcri9k
a biob}/ a p  a b_-zg_prH_q+a@gUpUi9ghf&~ﬂTkqR1i9zo_-b i!kMrktb}2go_-w
i I9g
R1i9zo_-bHac2i!d/p f w
gacg=k<bbiy	g=bg=z|{@i<a}a=/f/gh_p prqI! _ gUprghUbzi9k/ o_ pT~
	 / +%+ﬀ"$ 
























  	 










_-zbg=k/b@i R y acq22i pifK9q9

















ﬀ   







































  	 

 	   

































 	  +

  	 
 
































   

   	  


  	 .ﬀ ﬀ "$%$ 
 +  ﬃ% 
 ' !#".0.ﬀﬃ"$



























































































  	 


































acb b}d2bgMR1i9z@|z}bcba0} _ p  k<bgUp p JK9g=k
Ug9








































































 	   
 










































































	 d^J0A);02ﬀ|AﬃAﬃJ*+ﬀ0;d ﬀ%/B(&M;ﬁ*;ﬀqﬀ& ;ﬁ* ﬀﬂ?*; 







































































































	  	 








	 d^J0A);02ﬀ|AﬃAﬃJ*+ﬀ0;d ﬀ%ﬁ;3 6(d^?ﬀ}Ł8


















































































































































    






























































_-zbg=k/b@i R y acq22i pifK9q9
ŁHk/JI9g=zDa bcq i R5L#_9ac/rkK9bi!k(
H9gh_-bbcprg9L#_!ac/rkK9bi9kMu9v]shu92ŁMH9~



























































_-zbg=k/b@i R Q_ b2g=o_-bc=a=
























































m5I! a i9kM^&i/i9 ﬂ~
^&gh_ zk2ghfj kqRi9z}o_-bcri9k(





























































































































































a i9kM^I~rL zcJK9<b1Q#~ +^ i I!g ` i-q ~




















































































































































































































































);02ﬀ|&f;ﬁﬂJ(=;0A (=4<&f;ﬁ0A (0/~Zﬁ; ~Z0d^;ﬀz6ﬁ 43e?ﬀ|
 _rk2ghaH%~
_-k










































































































































































   

	  	 


































































































































 	  
 













































);02ﬀ|&f;ﬁﬂJ(=;0A (=4<&f;ﬁ0A (0/y( j(+ﬂd^.yﬀ2ﬀq0& df
 zU_9f/q n]~ Q _-k
f yI_-d/p {~


























































































-;ﬁ( AJﬀ3=*0ﬀ  =02ﬀ3 68j22ﬀ+,i
H<_hq9g=zHx~
 d2b}bg=z@i9zbH<}rg=k<b  a0^&bUf&~




















































































   	   +

 





























































To_ K!gxyIzi2Ughaa rkK k
acbcrbd2bg9










































# $ ﬀ" ,$
X@2gRi-p pri-@rkKp acb%g=k/bcri9k





_pri<a b|i!k<b/prqM_-be2zghacg=k/bh~hX@2g=qje2zi I! f/g_-w
a bzD_9UbDa i R e
_ e
g=zDarkXi9b2g=z5`ci9d2zk























  	 
 























  	   
 
















  	 

 	  
ﬃﬂ  .	" ﬀ
 











































































































































  	   
 
 	   	 
  
 


































f/q~r{~ QS~ d2zDacbD_ p pTOH
~ LtgUrzX_-k






















    	






























   















  	 

 	  - f2f!aci9k
 
L gha prg=q9IshuqT^T
l9u
